Virus-nonproducer Raji cells, when induced to early antigen synthesis by 12-O-tetradecanoyl-phorbol-13-acetate and sodium butyrate, showed an increase in DNA polymerase activity. This enzyme has the characteristics of a typical Epstein-Barr virus DNA polymerase with regard to chromatographical pattern and biological properties: it is eluted from DEAE-cellulose at 0.08 M NaCl, has a high salt resistance, is sensitive to phosphonoacetic acid and phosphonoformate, and shows a substrate preference for poly(dC)-oligo(dGj2.18).
Epstein-Barr virus (EBV)
, like other herpes viruses, is known to induce a number of virus-specified enzymes such as DNA polymerase (6, 10, 23) , DNase (4, 5, 22) , and thymidine kinase (3, 17, 20, 21, 26) . The induction of DNA polymerase and DNase was reported in Raji cells superinfected by EBV (4, 8) and EBV producer P3HR-1 or B95-8 cells treated with chemical inducers such as 12-0-tetradecanoyl-phorbol-13-acetate (TPA) (6, 10, 22) or iododeoxyuridine (18, 23) . In all cases, the induction of enzyme activity occurs during viral replication. EBVnonproducer Raji cells containing multiple copies of the EBV genome are not able to produce viral particles (12, 29) , and only early events of the lytic viral cycle (14; G. Lenoir, T. Ooka, M. Tovey, M. de Turenne, and J. Daillie, Abstr. 4th Cold Spring Harbor Meeting on Herpesviruses, Cold Spring Harbor, N.Y., p. 178, 1979) could be induced in these cells by chemical inducers (1, 15) . Therefore, this cell line is a good tool to study the early events of the viral cycle. We recently described the presence of EBV-specific DNase (22) and thymidine kinase (6a, 20, 21) activities in activated Raji cells. These enzymes are present also in EBV producer P3HR-1 cells simultaneously treated with TPA, sodium butyrate (SB) and arabinofuranosylthymine (Ara-T) in which only early antigens (EA) are expressed. This indicates that these enzymes belong to the early viral proteins. We do not know whether EBV-DNA polymerase is one of the early polypeptides. Some authors (1, 27) inactivated fetal calf serum supplemented with 100 U of penicillin and 250 ,ug of streptomycin per ml.
Cells were induced with TPA and SB as previously described (20) . Briefly, all cells were grown to a density of at least 2 x 106 cells per ml and diluted to a final concentration of 5 x 105 cells per ml. TPA and SB were added at final concentrations of 20 ng/ml and 2 mM, respectively.
At first, we studied the effect of salt on DNA polymerase activity of the total cell extracts prepared from induced and uninduced Raji cells. The enzyme activity extracted from induced Raji cells was stimulated by 50 to 100 mM (NH4)2SO4 by about 180 to 200%; 80 and 20% of the activity remained when the salt concentrations were increased to 150 and 200 mM, respectively. In contrast, the DNA polymerase activity from uninduced cells was progressively inhibited by increasing the salt concentration and was completely inhibited at 150 mM (data not shown). The characteristics of stimulation and inhibition of the enzyme activity by salt is similar to EBV DNA polymerase activity extracted from EBV producer cells (6, 10, 18, 23) .
The DNA polymerase of Raji cells was then analyzed by DEAE-cellulose column chromatography (Fig. 1) . Extracts from Raji cells treated with TPA-SB (which expressed 41% of EA-positive cells) and from untreated control cells were applied to a column and eluted with a linear salt gradient from 0 to 0.3 M NaCl. Under these conditions, the cellular 3 polymerase was not retained on this column and was eluted during washing. The DNA polymerase activity eluted at 0.12 M NaCl represented the cellular a DNA polymerase and was found in both uninduced and induced Raji cells. In extracts from induced cells a second DNA polymerase activity was observed which was eluted from the column at 0.08 M NaCl. Extracts Aphidicolin is known as a specific inhibitor of cellular DNA polymerase a activity, whereas polymerase is insensitive to this drug. This drug is also an efficient inhibitor of HSV DNA polymerase. To further characterize the viral activity, the effect of aphidicolin was studied on a, 1, and viral DNA polymerase activities. By comparison with a polymerase, the viral activity was not sensitive to aphidicolin as the polymerase (Fig. 2A) . This was the case for both P3HR-1 and Raji extracted viral enzymes. The 50% inhibitory dose of aphidicolin was 8 to 10 ,uM for polymerase (x and more than 100 ,uM for polymerase and the enzyme eluting at 0.08 M NaCl. At 100 ,uM aphidicolin, the a polymerase activity was almost completely inhibited.
The substrate specificity on poly(dC)-oligo(dG12.18) and poly(dA)-oligo(dT12.18) templates and the resistance to high salt and aphidicolin thus allowed us to distinguish clearly the viral polymerase from DNA polymerase a and ,B. In regard to the high salt resistance and template specificity of the induced activity, EBV DNA polymerase was similar to HSV DNA polymerase. The 50% inhibitory doses of aphidicolin were 0.5 p.M for HSV-DNA polymerase and 0.22 p.M for DNA polymerase a (16) . In contrast, the EBV polymerase (14) .
from Raji cells was much more resistant to aphidicolin and lost only 30% of its activity at 100 ,uM. A similar resistance was found in EBV-specific DNA polymerase from virusproducer P3HR-1 cells. This indicates that identical polymerases are induced in both EBV producer and nonproducer cells. The difference in the sensitivity of the DNA polymerase of EBV and HSV was also observed by Allaudeen and Rani (1). When the extracted enzyme from TPA-SB-treated Raji cells was examined in the presence of 100 p.M aphidicolin alone or in the presence of 100 ,uM aphidicolin plus 150 mM (NH4)2SO4 at different times after chemical induction (Fig.  2C) , an increase in the polymerase activity was observed in both assays with a peak at 72 h after induction. The increasing curve of enzyme activity correlated well with the increase of EA-positive cells after induction (Fig. 2B) . Since 100 ,uM aphidicolin and 150 mM (NH4)2SO4 inhibited almost completely the enzyme activity of cellular DNA polymerases a and 3, the observed activity resistant to both inhibitors is a specific virus-induced DNA polymerase.
A rapid estimation of the EBV-induced DNA polymerase is thus easily possible in an assay in which both inhibitors are present. The appearance of this enzyme activity is an indicator of the activation of the viral genome like DNase (22) and thymidine kinase (6a, 20, 21 Similar results have been obtained with EBV-producer P3HR-1 cells treated simultaneously with TPA, SB, and Ara-T in which the viral DNA synthesis is specifically inhibited by Ara-T and the synthesis of EBV antigens is limited only to EA (20, 21) .
Raji cells are unable to produce virus particles unless they are superinfected with P3HR-1 virus. Superinfection by P3HR-1 virus leads to the production of transforming EBV particles by a recombination between the viral genomes of Raji and P3HR-1 cells (9, 28) . Recent work demonstrated deletions in the viral genome of Raji cells (2, 24) and a lack of some viral polypeptides with high molecular weight (15, 27; F. Angel, G. Decaussin, J. Daillie, and T. Ooka, submitted for publication). Some investigations did not succeed in detecting EBV polymerase in Raji cells (1, 27) and concluded that the incapacity to produce virus is due to a lack in viral DNA polymerase. However, our results demonstrate the presence of an EBV-like DNA polymerase activity in Raji cells expressing 40% of EAs. It is possible that the authors previously failed to identify viral activity because of low EA induction by TPA. In fact, the induction of nonproducer cells by TPA alone gives very low EA induction, generally about 0.5 to 10% (19) . We also failed to identify viral DNA polymerase unequivocally when only a few percent of cells were induced to EA synthesis. In this regard, our induction system based on a combined action of TPA and SB is a good tool to study induced viral proteins (7; Angel et al., submitted for publication).
The detection of the viral polymerase in Raji cells indicates that the incapacity of the cells to produce virus is not due to a lack of viral DNA polymerase. The sequence homology with herpes simplex virus DNA polymerase (2) suggests a possible localization of the EBV DNA polymerase gene on the left-hand side of B95-8 BamHI fragment A. This region is indeed not defective in Raji viral genome (24) . The region deleted in the Raji virus genome could code the early genes necessary for the functional activity of viral DNA polymerase in vivo.
